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Dscembar 5, 1545

Dr. James 2. Conank, Chalrman
Hational Defsnss Research Comnittee of the
Office of Scdentific dsseareh and Dasvelopment

Fromt war ketallurgy Division (Div. 18), NDAC

Subject: Final Report oa "#eldabllity of Heat-resieting alloys (N=102)"

The attached final report submitted by A. L, Felld, Technleal
Representativs on liDiC Reeserch FrojJect #RC-90, has besn aprroved by raprs-
eentatives of the .ar Ketallurgy Committeo in charge of the work.

This report presente ths results of an invsetigation of the weld-
ing characteristics of varloue heat-resistant alloys emplozed in turbo-
supsrcharzers, Jet engines, and ges turcins wheels.

Thzsw investigatione are being conmtinued by the Awstless Iron
and Steal Corporation, as a phase of a comprehanelve reecerch progran on
heat-resietant alloys being conducted by Battella Lemordal Instituts under
a direct contrect with the Cffice of Hdcsearch and Inventions, Bavy Depart-
nent .

I roconniend acceptance as a satisfactory final report on ths work
dons under Contract Cler-1466 with Rustlcee Iren and Steel Corporation.

Respuetfully submitted,
r -
s W0 s eens

Clyde .iilliams, Chief
«ar ketallurgy Division, NDAC
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ae |DAC Retecareh Projuct IiC0~-90,

Thu distribution of this report 1s ae followss

Coples llo. 1 thru 7 = Dr. Irvin Stewsrt, axeeutive Soeretary, 0S[D
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Cony Ho. 13 - Zay Jeffries, kemver, Division 18, !DRC
Copy ilo. 14 - R. F. kehl, iembor, Divialon 18, IDRC
Copy No. 15 - J. E. Jackson, Staff Aida for Divislon 18, Offico of the Chalrman, DAC
Copies No. 16 thru 38 - adr. Franklin 5, Cooper, Senlor Lisison Officer,
Iiaison Office, QSID .
Copy Wo. 39 = H. B, allon, Daputy. Chief, Divielon Ona, FDRC .
Cop;» Wo. LO - falph 3coth, Doputy Chief Diviaion Twelve, il
Copies lio. Al & 42 = AToy Alr Foreee, unmmnding General, .right Ficld
attn: kajor J, B. Auderter, HORS dranch Lialson Cfficer
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Copy Wo. 45 = Wavy Department, Raval alreraft Factory, Philsdslphia, d. &. koore
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Research axd Dovelopmnt. Divialen
Copy Mo, 62 = G, . Lewls, Director of acronsutieal dssearch,
Natlonal advieory Committce on aeronautice
Coplics Fo. 63 thru 72 - F. .. Phillips, National advisory Committee for Asronautice
Copy flo. 73 - Albert Muller, nssiastant Supervisor of ijelding desaearch,
‘uar Hot.allurgy Committee
Copy No. T4 =~-J.'w. Freeman, Investigator, [iDiC Resecarch Project KRU-8
Copy Ko, 75 = A, L, Felld, Technieal Representative, (iC Aesearcil Project IiC-90
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visited as fabricntors, and the offorts of eupplicra of heat roglating
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At the suggestion of the Advieory Committas of NIRC
Projact MRC-8, an investigation wne undertaksn to study the
wslding charpcterlatics of heat resisting nlloye smployed in
turbo-superchargers, jst engines, and gne turbine wheols. Tho
primary cbjoctivos woro tho davolepment of laboratory tosto
and procoduros which would pormit a compariwn of the variocus
alloys; to carry cut. thils comparieon on a sorlos of solocted
matorialsy and to study tho offoet of varinbloa in tho wold-
ing procoduro, particularly difforcncos betwoon the submorged-
molt and mamunlearo procosecs as will as the offect of prohent
tomporature.

Fivo wrought alloye and two cast materinls wore ex-
amined, EHastelloy "BV, N155, Timken 16=25-6, Uniloy 19-9 IL,
8216. cnot Vitallium, nnd cnast 6059, Throo typos of tosts mero
¢mployed, namoly, bead-on-plato, restrained butt=jodnt, and a
gpeeinl whool-and-bucket type tosts Type 316 wos used ns weld
fillor metal throupghout cxecpt in tho case nf LS55 bnoo retnl
whore fillor motal of the seme composition vms employods

Sinco tho project was torminated before the toots
which hnd boen planmd could b0 corploted,mo final comlunlons
can he drawn. Enough werk wne done, however, to show that wide
varintione existod in tho woldsbilit: ef hoat roelstingallaye.
Throo types of erncking were found to bo prevalont, namoly,
wold motal erncking, “ontenffoot.dwzone crnoking, ond erncls
propafating from Intorbucket junotions.

In genoral, Hastelloy "B" and Pimken 16-25-6 nlloye
nppunrod ta bo the lenet meceptible to wolding dofocts. Allgys
§816 nnd the two cost alloys woro tho moot susecptivle, nnd
M55 nnd Unlloy 19=9 DL nbout intormedintcs The caet alleys
wore partioularly susccptible to cracking in the hent-nffcetod—
zonos Tho two wrought alloys contalning substantinl amounte of
eclurblum wore ales eusccptible to this defoets Wold motal
eracking In doposito on cast matorisls ofton wpponrted as oxtan~
sione of crocke in the hontenffoctsd-zono. Weld motal crnelcing
with the swought matorlals vme most govore when tho wold do-
poelta wore entiroly suetenitic in charactar. The presonce of
delta forrite sppoarod to inhibit thie dofoct.

The wheeleand-buckot tost which wono dovolopod, pro-
ducod interbuckot junction oraclce similar to these nceurring
in production wolding, eand mpponred sultable for the ovalun-
tion of difforent matorinls. Tho tost confirmed the irport-
ance of wold doposit eontour con lnterbuckot junction erncking
irdicating that narrow strnight-sidod dcposits veore gonernlly
bost. A fow tosts mpponred tn ehnw thnt prohent to ot lonst
600°F, tonlod to roduco this typoe of cracking.
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Pepa 1
FIXAL REPCRT

on

IFE YZIDABILITY OF HIAT RESISTING ALLOYS

INTRCTUCTION
' o

In June of 1944, the Advisory Copmittes of NIRG Projeot No. MRC-S§
which ésals with the devalophment of hent rselsting metals for gao turbina
parts ndvisad the War Motallurgy Committed that an acute neod existod for
information on the weldability of thoso matorinls. The Committeo reportod
that a mmber of fabricators had cnlled thoir attontion o wolding problems
which wore boing uxporioncod.. Onc -0spocially ifportant appliention involvod
waé tha bladed rotor or impollor ‘whool used in atrernft. turbo-mperchargors
- then boing producod at a fovor pitch. Tho Committco aleo forosaw a nrod
for weldnbility dnta on nowly dovilopod hant rosieting alloye. Thoso motor-
iale hnd boen ovolvod principally on the baslo of mochanical propertlos st
olovnted tomporaturss, and 1ittle or nothins wns Ynown cbout tholr weldnbil-
ity. Tho Advisory Committoc theroforo suggcotod tho orgnniration of n wold-
ing tost program.

* Accordingly, the War- mtnllur.?.y Committeo initinted. the prasont
investization in July of 1944, It wme plarnod to condust tho inveatigntion
by dovising lnborntory weld toste to etudy tho typoe of,defocts roportod to
occur in tur‘bo-amgorehnrgar vhaols woldod by botl. tha manual-pre nnd. eub-
mnergod-molt procoesos.’ To utilizo:the time delay in cocuring oqulnmnt and
satcrials to perfornm tho work, an oxamination was made, of a nurbor of tarbo-
ouporchargor whoole submittod by ono manufacturor. Tho rosults of this
proliminary cxaminntion wory only of limitod imnortonco,

In Jenuary of 1945, an Advisory Committeo mesting mna held tn
discuss the progross which had been nade and reviow the aime-and scopo of
the projoots It was brought out nt this woeting that boonmso of rocent
dovelopments, the need for invoctisative worl on tha weldinz of turbo-
suporchargor wheols hod beon surpassod by two othor applications, nnomoly,
the Jot propulsion unit for alreraft nnd tho grs turbino Yor' ships. " In
closing tho meoting, tho Committoo supzootod thnt tho original plans of
the invoetigntion bo nltcrod so as to attnin the following objoctivos.

(1) Tovelop o simplo wold toot, or toasto, which would
produco tho defoects oncountorod in welding hont recist-
 ing nlloye by tha submergod=molt or nmanunl-are progcseca.

(2} Teat o serios of soloctod nlloyo and dotermine thelr
rolative woldobility,.
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(3) Includs in the weld tost 1f posnible, the doslgn
fanturos found in o bladed wheel no that data of irced-
inte upo to whool mamufneturors would alee bo obtalned.

(4) Schodulo tho laboratory work o mmply data for

manufacturors of Jot propulelon urits firet, of gas

turbinos sreond, nnd of turbo-ouperchargeras third,

Thia nltcration in plane dld nat dauso nny mnrked change in tne—
tico boeaueo tho throo unitoe, turbo-mmorchargur, Jot propulelon congine, and
gnn turbine, were mutunlly rolatod in n nuwiber of rompoets. Tho mojor wold-
ing problome in onch cnse werc involyed in tho bladed rotor or whocl. Alao,
a nusbor of tho solfsamo nlloye wero undar conpidorntion na materinlg for
vhocl esnetruction by the bullders of oanch typo unit. Although tho vhocle
diffored in olzo, thoy woro nll of similar deoslrn, cgpocially from tho stand-
point of posscselng o comron dosign defocts In placing a comploto ring of
irdividnal buckots nround the contor dlok, tho Intorbucket Junetione con-
atitutced rotch offoct, or an inelplont craei, nt the odgo of tho weld mctal.

In gonoral, the bladod rotors or whoola eould bo elassificd ints
two typos, "hot" whools and "enld" whools, necording to thoir cporating eoim
dition in sorvico. 4 hot whool opennted with tho ointiro moetlon, that 1s,
bath tho contor dislc and the outer ring of bucketo, at au slavatod torpera-
turo, perhepo 1060 to 1500°F, 4 eold whool oporatod with only tho bucketo
nad o nartow outor poripheral section of the disk nt nn olovatod terpernturo,
Tho contral portlon of the dlek romnined rolatively cold, perhepe from nt-
mmherie to:peraturo to 900°F,

The nent realeting alloys iritinlly pelccted for woldability
tosting in thig project are shown:in the tobulation below. It wae nat
practical to syctomatlcally eclaaeify and idontify tho matorinlo necording
to thoir compoaition, and for thia ronson, tholr trado designationas are
ugod throughout tho reports Tho trbulatisn hns deon goparnted irte wrought
alloye vhich mny bo uweod for dlakn or buckets nnd enot zllays which are
usod for buckcte only, =d includeo tlo nponroximate corpneltion of cach,

- TR r

¥rought Alloye

Hnatolloy "3 Realdunl
Bl . 20 Bnlaneo

Timkon lo-26-6 - B Bplaneo .

Uniloy 1 IL . ; i - " Brlaneo
581 Lo ¢ Ropldual

Cpet Allorg

© Vitalliun Balaneo ] Reaifual
6059 30 3Balanco Rogldual” -~
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As ths work progrossed, several now a.llu';\:a were m!.dad. to thig
1igt, namely, wrought alloy 5590, and cast nlloys 4+22-19 and X40, However,

tho projoct was terminatod beforo any tosts could be conductod with theeo
matcrials.

Tho oleetrade or fillar motal conponition firat chonon for wold-
ing tho nlloyn, with tho oxecption of N155, wno AISI Type 316. * This gradoe
wns bolng widoly usod by fnbrieators with a falr degroe of suceoso and rp-
poarod to bo tho logleal cholen for tho inltiadl gpproreh to ovaluats wold-
ability. It wog plannod that additional fillor motnl corpogitionc would
be eoloctod or pooslbly oven dovelopoed later in tho nroject wvhich would be
bottor oulted for wolding particular nlloyes Alloy 155 wns to bo wolded
with fillor motnl of tho saome composition, 2

In gon'oml. throo” typoe of wold jeint dnfocts wore roportod to
occur in wolded vhecls. ILietod and deseribad in ordor of their relative
importance, thoy werni Al 5

(1) Motch Ixtonglon - This is a.form of eracking wileh
inltintsd at tho Junetions botwoon buckets on tho nuter
0430 of tho wold metal ond propagatod radially across
tho wold Joint. A typleal exarple of noteh.extansion

in a turbo~superchaorger whool can bo goon in Figuro 1.
Fola Joints mado by tho mubmorgod-relt procenc woro ro-
ported to bo more suecoptible to thlo dofoet: than Jointe
mnda by tho mamual-nre proecass Tho dogreo of meecopti-
billty wmao nleo mppooed $o vary with the weld netal
compogltinn, .vhich of eourao wan determingd by tho throo
Joint comonontn. tho wl.ool, buckot ~nd wold filler
rmotnlags The dofoet preosentod o serlouo probler for the:
notch extenglong eantdmiod to propngats: tMon the whaol
von placcd in gerviee and opsratod.. Evengually thoy
roachod o nlze which qndangored tho stro: q;th of tho
vhecl, at which poiat tho whool would bo romoved from
servico. .

(2) . ¥olg Hetnl Bogd cr-{ék;ig - Two forme of wold bond
tracking wors reportod to occurs Tho firet form wnp
lonzitudinal eracking in tho eocntor nf tho deposited
wold bood, gonorally In tho first or root mase, Tho
sacond form was seattored intorgrnnular flssuros rang-

Ang fron rderoscople slzo to lorge eracks romlily viu—
blo to tho noked oye.

(3) ' Usndorbond Crackins - Sevoral instancos of fuolon.
zone erncking and "hont-nffcetod~zone® erncking wors
reparted ta hove accurrod in tho hoavior soction buc—
kots of Jjot unilt and grs turblie vhoolas Tlhooe nntor-

 1ale wore auotonitie typo alloys, and thw presonco of
such:dofcete 18 quito uncommn, However, tho erncking
mypoarcd to bo eminod by "hot shortnoss! rother than a
hnrfcning and erbrittlonent.
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In planning weld teats for the investigatlon 1t was lmerative to

have spscimene which could be mro roadily and cocnomleally preparod than
tho usual blodod wheol,

Tho BEAD-ON-PLATE TEST wna particularly attractivo boeauwso of ita
extromo’ eimplicity. .This tost:was uped at tho otart of tho invostigntion
ne o proliminnry tost to sccume 'pomo fundamontal datn on tho nlloys. Iho
procoduro mrolﬁ consistod of dopositing s bend on a ploce of base nator-
1n1 31 x 13" B by subnergod=rolt or mamunleare wolding nnd oxnrdining a

trangversd nnero otchod mocimn ntd n motallographie spoeimon frem the
rleeo.

A RESTRATIED BUTT-JOINT TEST was first scloatod to reproasent the
troublosono "buckot-to-wheol” wold joint. Tho tost gpoeimen coneistod of
two plocce of " thick material:forning o 70° ninclo—V eenter butt=joint
with obutting root faces. Tho:plocos wero clarpod in 2 heavy jig durlag
wolding, ond tho root facos only pnrtislly fusod lenving a moteh in the
mold joint. Tho purpess of thig was to dotorrdno the suseoptibility of
tho wold nctal to motch oxtonslon: It wae plminod te preprroe, o first
sorios of such spoclixre uelng twm Yuso platee of only n single alley, n
socond sorlos in which the baso platoe would bo of ddesinilar ecrpnaitions
roprosenting typleal combinations of whael nnd buckct alloys, nnt a third
eorios sinllar to the eocond oxcopt n row of trasgvorse esgronte wuld bo
rmibetituted for the solid plato repragonting tho bucket alley. In addition
to an cxanination of mnero etch and netallagrmphie gpeeirong fron theso

woldod test platos, trangvoree tenelle arnd face ben? tonsts woro olao tn bo
t:ada.

Unon eorplotion of tho first sorlos of rostrainod bitt—~joirt
tosts using plotos of orly n single alloy, it wno fount that although tho

tost furnighed coneoiderablo inforantion on tho poneral wolderbility of tho
olloys, in-no cnso AiA it Adfseloso any mprroclinblo oxtonsinn of the root
noteh Into tho weld netal, Furthor topts wuld have beon ennductod sub-
stituting sogmente for the enlid plato tn socuro additional moteh offoct,
hnt 1t mot boon for tho appearanco of n neow ebetrele. Profucero nf ensat
olloys wore cxporioneirs corsidorsblo Aiffieulty in mnking sound enstince
for the relativoly largo tost epocinmons. Aleo, tho praln sizo nf tho enst
gpoeinons wna vory much grontor than that nf tho veunl enst buckot. In
viow of tho difficulty with unevundnose, =id unecortalnty on tho influonco

of nbnornally large r;r-ﬂn aiso, 1t was Jeeldsd tc d.iscontim:.o t‘uu test
nad redoslzn the mspocinon.

Tho WHERL-A:D-BUCKET DESIGN TEST wap next dsveloped as o veldn-
bility test. As the name indicatog, the desim of the ocimon was sintlar
to a buckoted whools Eowovrr,” instoad of a contcr dlek and o surrcurding
ring of buckets, the apoclmon consistod of o ptrnlght coction to ropropent
tho whool digk with a row of tuckot=baso roplicas placod in butt-jeirt pos-
ition. Tho neecmbly of ploces was clampod in n henvy jlg mnd woldod from
both aldos by olthor submergodemolt or mamaal-are welding, A prohoat tom-
pornturo of 600°F. wno ueods Thic tost design proved to bo moro succosaful

than its prodoccenor in promoting intbrbuckct zoteh extension inte the weld
motal o g
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At tidls otage of the investigntion, a second meoting of tho Advie-
oty Committee was hold to discuss the up-to-the-mliute neods of fgobricators
for information on the woldability of heat roglsting alloys. It mponred
from tho dlscusslon at this mooting that tho tost Iuta obtalnablo fronm tho
"whool-and~buckot” spocimon would guffieo, tut that the eolection of rlloye
and ecorbinatlons to bo tosted should bo roviscd.s 4 now progran of futurc
work wns thon draftod. Priofly, Timicon whool alloy, 8816 bucket nlley and
Typo 316 fillor motel woro to be used as standard oT eontrol matoriale in
etudying tho followingi

Influenco of Prohoat Tempornturo

Woldnbility of Eight Bugkot Alloys

Toldability of Two Alloys for Cold Typo Fhocls

modabﬂity of Throo Alloy Cormbinntione for Fot Typo
1ls

¥oldability of Two ¥old Filler iotnle

Roldnbility of Tmo Alloys for Bath tho Buckots

and Thools of Gag Turbinos

Fhool-and=buciot tcats wore to bo wolded by bath tho subrorged-
nelt and nanupleare procosscs, proforably in dwupliento. Tho proeedure for
cxanining tho spocinong s t7 esnsist of (1) removing a diseard portinn
fron oagh ond for rmcro oteh testing, (2) grinding the top md botton weld
bonds flush t9 noneuro interbuekot noteh oxtonsiorn, (3) radlagraphie exo~
rdnztion, (4) nmetallographic oxamination of tho notch cxtonsiorns nn? any
sthor defocte Tovezlod by tho radiogrophs, and (5) microseople oxaninatinn
of tho fracturod facos of tho noteh oxtunslons.

Of the approximntely sighty whool-and-buckot teets plannod, nbout
one=-third had been wolded at the tims tho projoct was torminatod. Expmina

tios of theso tosts hod progresssd to tho point whero all had been subjcet-
od to rodlographic oxamination.

In addition to the invostigativo work dealing with the general
woldnhility of hent roslsting nlloye, tho Rustloss Rooonreh Laborntery clso
collnborntod with tho U, 8. Bavel Englacoring Experimont Station ot Annepolls,
Laryland in porforming esme preliminary high-tomperaturo otroese-rupturc
tosts on Joints in W155 alloy plate mamirlly nre-wcldod with H155 oleoetrodos.
This work wns eonductod nt tho rcquost of tho Rogearch Branch, Burom of
Ships, Navy Dopsrtmont, who had necd for such data rolative to the bullding
of gas turbinos from thia 2lloys Tho swrwe bneo mntorinls and volding oloe-
trodos as orployod in tho prosont woldability investigation woro usod in
tho work for tho Burom of Ships. Howover, beoause of the supplonentnry
chnarnotor of the work nnd the limitod dntn avallsblo'nt this writing, no
dotalls nro includod in tire report.




Boeoueo this projoct wne torminntod boforo the tosts which woro
planiod eould bo completed, no attompt hne boem mado to draw nny flnnl eon-
elusiones Sufficlont rork wna earriod out, howover, to permit cortain
slgnificant obgervatione rhich have boorn 1liotod bolows In gomo cnoco thoso
obsorvatione aro tho regult of only ono or tw tcoto nnd vorification by
ndditional tost work ic dosirable.

(1)  Enough work wns dono to show that wido wariatione
oxist in tho suscoptibility of Alfforont hoat rosloting
nlloys to tho dovelepmont of wolding dofects. Cracklag
of throo typoe me.found to bo fairly prevalent, namely,
eracke in tho weld motal, éracks-in tho henb-affoctod-
gone of tho baco, motal,, and ernclko propagnting from in-
terbuckot Junetlsns. Tho coven matorials axamingd
oxhibited tho following: tpprc:lmto mscdpti‘olld‘ty to
thogo dofoetel .

a ¥ola lotnd Ho»t—kﬂ'cctod Intcrbmkot
- Allo Erggkgm .Z2ang Crnclg;:gg Crigking

Haotollo CLN Vory .slight . Nrmc T WEgat
Timkon 16~25-6 Vory ‘alight ¥sno Yory slight
" ¥iB5 ..’ Uiderato Slight Hodorata

Uniloy 19—9 I ibdorate Yono. - |
8616 © ,“Bevere .. ihdorato. _ Scyaro
Vitalliun . = Sovoro | Scvero , HoBorato
6059 Sevors |, chora . Hndarato

+In goneral, Hostelloy, "3“ and Tirleon 16-25-6 alloys
mponrod te bo the loast susecptiblo to wolding defocts.
Alloy 8816 and tho tw cast nlloys wexo the most suoccp-
tiblo, and 155 nnd Uniloy 19-g IL nkout 'intdrmediato.

(2) %Tho enot alloys wore porticularly muocoptible to
eracking in tho hent-effoctod-zones Thooo eracks oe-
currod miong the grain boundarioes While it wmo bolicvod
nt first that tho oxtromoly eonrse grnln olzo of tho
largoe dnae motal plceos in tho bond=oneplato nrd ro-
strainod butt—jnint smeclmono had promtod this dafoet,
the ocecurranco of tho some dofoet in tho gneller and
finor grainod buckot-type spoeimono falled to suppart
thio hypnthools and tho reason for this cuccopti‘nllity.
ronalng wmoxplainod.
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{31} Of tho fivs wrought alloys sxanined, 5816 and 155
wers aleo misceptible to heatwaffscted~zone cracking.
¥hile the evidsnes gocursd to dato ls still very limit-
ed, 1t 1a belleved that thls cracking is dus oither to
the melting of intergramzlar corpounds formed in theso
alloys or to low ductility romulting from the prosencs
of theso compounds at the graln boumiariss.

(1) Wold motal cracking was also pronouncod in doposits
on the cast materlals. In many casos tho wold. motal -
cracks appoarcd as oxtonsions of c¢racke formed In the
.hoat~affeetod-zono of the base metal.

{5) ¥old motal eracking which oceurrod with the wrought
matorials wae most scvero in cases whero tho baze motnl
whon alloyod with the f£illor nmctal rosultod in wold do-—
oslts entiroly austonitlie in struecture. Such alloys =s
ﬁuntolloy 3" and Timkon 16-25-6 which gavo wold motnl
depoaite cortalning dolta forrito ag woll ae custonito
mppoarod substantially froo from t'ﬁ.s dofect. The offoet
of small grounts of doltn forrito L1 augtonitie wold do—.
posita in hzhibitins weld xaetn.l cnckh(; hns born pro-
viously ostnhlishod.

(6 Linitod riochonical toste on'tho woldod spoc imno
frilod to discloso anything significant rolativo tn
tholr woldability, Tho datn wore ronll:.' too fou to
"'JJ'rant ary ‘conclusione.

(T) A guecosaful leboratory tost wma dov;lunod. whieh
was caprblo of. producine. intorbuckot—Junction erncks,
sinilarto thogo occurring i» tho attunl +mlding of
turbo-gupereharger vhoolss -In.tho limitod tiro the
tost vns .ciployed. 1t mpnenrcd thnt ror-.uo'ﬁnbl;,f reoro-
duciblo rogulte could be sccurcd and that tho tost
ghould bo sultnblq for.tho cvnluation of the gusccot-
ibility of dAifforont 'lntcri-\ls t2 intorvusket-jJunction
cracking ns well asto atudy ‘tho offoct of variosus
wolding vorinblos.

* Development of Arror Wolding Eloctrodes (0D-36-2): Tho Effeect of Varintions
in Chromiuw=lickel Ratlo and MHolybdenun Contont of Austonitie. (20 Cr.l0 1)
Eloctrodes on Proportiog of Armor Woldnoate, by A L, Foilg, F, K ‘Bloon and
G. E, Linncrt. - OSRD Fo, 303*+ Sorial la. L':—-182 Decorbor 11+ 1543,
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{#) In tests weldod by the sibmerged-molt process, nt
logst tw» vnrinblos wero of irportance. Namely, the
compneltinn of tho wold metal and the esnteur of the
wold dopoolt. Hatorinls which mpocared scneltivo to
intorbuskot-Junetion cracking, e¢racked movoroly when
wide taporing deposite wero mado, but porformed mmch
bettor with narrow ctraight—slded dopseito. With mat
torials lose suscentiblo to interbucket-junction
eracking, deposlt eontour socmod to havo littlo offoct.

{g9) A fov toets woro coplotod using tho subrorged-
nolt wolding procoss to ptudy the influenco of pro—
heat temporaturo. Over a range of tomporaturo fron
TO°F, to 600°F. thoro wae o trond tomrd  dcercasing
intorbuckot=junction cracking with ineronsing prehrent
torperaturo.

{10) Vitalliun was the only alloy orploved in both
submnerpod-molt woldod and nanunl=nre woldod tootsa.
Howcvor, this grado wns reprosontod by nntorinl froa
throo producere. Yo narked 2ifferonco wans found in

tho priount »f intorbuckot-Junction eracking in eub-
sergod-rolt woldod spoeltions ne eorparod with anrually
nre=rolled gpoelmongs I amrthing, thovo wae o trond
towrxrd loss eracking in tho manwally rre—wcldod nlates.
A goipradaan of 43 materlals ompliod by the throc
producore fallod tn ghow any olpmifieont difforence.
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Fowr prineipal materials wire szploysd in eonSucting thlse inves-
Sigatton, (1) wrought base metal o used: for hoth whesl disks aAnd Nuckots
or Yladws, (2) cast base 0%l = uesd for budcots or blades only, . (3) sub-
morgod=melt wolding rod, and (M) mamual arc-melding olostrodes, -$inee one.
moeifie. atn of $ho project was to evaluato tho weldnbillty of typlenl.
matorials, in nll oasos whon purchasing thoso itoms the predascr wns fur-
nished a spocification alm or asked %o solect matorlal vhich raproscntod
the average composition gonorally supplicd, It was plannod that eorploto
ahorigal analysos would bo madd in tho laborntory of all matorinle usod,
This vork wna not corploto at tho Yorminstion of tho projoct, '

A, Wpought Alloy ¥asg Yota) v

wrought nlloys vore saecurod from comorclal producers 1in, .
olthor fiaished bar form or om billets which wore forged to tesd spocinen
gizo; Tive alloys vore includod ia the investigations TYour of thoso were
tostod in tho "ag forgod” or "ae rolled® concition, ghila onp wne olutlon
hant ¥raaded and nged., Tho nlloys and tho ragpoctivo esnditions in which’
thoy were tostod aro llatod bolaws Tho sourcos of the matorlals aro glven
in Toblo 1, and the cherdoal anclysos in Table 2. :

'l“i;ﬂ Grode - ’ : cgngig!'gn"

* Hastclloy "BY . A Rollod
~ M55 (Low Carbon) " Ag Targed
Terkcon 16-2 As Forgod
Uniloy 199 IL Aw Torgod
DI 3 { Hont Trontod 2275°F - ons
hour - wator quonch, plus
1400°T « alx hours, alr conl

4 rogular practice wmae adpted of nacm etoh tosting onch 1ndivid-
un) ploco of wought baso notal umwd in the weld toet spoolnane, To mpjor

baso metal dofoots vore found vhich would bo 1ikoly to influonge “the wolins
bility Yot rosults. o

B, Gaud Aller Base Motale

Tesbe wero conducted on two cast alloys, Vitalllum and 6059, in the
"as cast® eandition. It had beon roportod by febrioators of buckniod whobls .
that the weldabillky of the ecast alloys, or at Joast that of Vigallium, varled
with the sasting producor. TFor this rooson, eastings of Vitallium wore’
ordorad from throo.difforont producora, thoe Austonal Urboratorios, Ing.,
Gonoral Floetrio Compnny, ond Hoynes Stollito Compony, Tho sourees of tho

cast matorinle umd oro givon in Tablo 1, and tho aveddsdlo chomloal analys
sos in Tablo 2. i

. Tha firet dosign of onat tost spocimons usod in tho invostigation
wan_identifiod as Yo, NRG-1, nnd 1s shown 1n Plguro 2, The spoolmon waa 1°
x 1" x 1* ovoral) nnd waos cast with rough bevolod odgoss The plocos were
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ugod for makinz both the bsnd-on-pleta nnd tho rostralned butt-joint weld
tosts. The rogular inspoction practice for thosc castirgs consistod of
radiographic .and-mnero otch examination. 5 - .
2 " The ugo of gpocimen no, MRC-1 was dlscontinucd enrly in the pro-
Joct for two Toneonse Tho relatively large mnss of tho,picco made.it quito
difficult. to .cost without oneowntoring such dofocts ns nlcro-ghr irkago or
contor unsoundmoos. 4Also, tho grain sizo of the east matorlal wns diffi-
cult to control, and tondnd to DO abaormally conrgoe ns ean bo szon’in the
photogrmph of tho tost spocimon i Figuro 11. , Nevortholcss, tosts havo -
boen conduetod on a nurber of Vitalliun mpocinens from-tevo dlfferent sturcos,
and 6059 gpoeircng fron ono ssuroo, nnd.the rosulte: ineluded in thig report.

The cast speciren designed for use in the wheol-and-bucket wold
test wap pattornod after tho basc of mn actual bucket and is showri in Fig-
uro 3. ‘This specimon prosentcd ne particular problom to tho easting pro-
dncore. Spocimons worc ordorod in four grndge, Vitallium, 6053, 422-19,
and-X40, Timo pormittod the tooting of only Vitallium and 6053, Ingpop-

tion of thope plocos included 100% radiographis oxmiination, but na moero
otecl oxanination. . " .

C. Sbrorged=iolt Wolding Bod .
Two grodos of materinl, AISI Typo 316 nnd K155 nlley, mere on-
ployod no submorged-molt wolding rode It wno plannod to first weld pll of
tho baso motal nlloys with Tyme 316, and nftor roting their realativo meldn—
bility, soloet other wolding rod compositions for trial. Tho ond.oxcoptisn
to this »lan we the caeo of F1H5 alloy whera tho fillor metal wma to bBo
tho sano grado as tho bago rmotal. . & wal2dng rod of 18" Alancter '=ne uscd
throughout tho work. Tho granular flux or melt crplnyod was Linde Adr Pro-
ducts Commnny's Unlgnnolt Fo, 80 in 20 x 200 nosh slzo. Portinont data
tho wolding:rods usod nro glven in Tublo 3.

D. ignugl Yetalldc-drc Electrodse

Tléctrodes, 6 both Type 316 and 155 alloy for making ths Mamale
arc weld tosts wers propared in tho Rustloss Resoarch Leboratory by ! -
strniphtoning and cutting n sufficlont amunt of 1/8" diamotdr submorpdd~
molt welding rod deseribod shove ond flux coating thles care wire by tho
oxtrusian procosss . S

.Tho coatings spplicd on thoosa two grados of core wiro worg airplo
lime-bnso typo fluxcs sultablo for npcration only 9ndiroct gurront-rovorso
polarity. Prolininary toste on thoge oloctrades includod tho -depopition of
an allewold-motal pnd for chonleal annlysos, and tho noking of allwwold-
matal tensilo tosts. Tho tonpllo spocimong mero of ctnndnrd o505" Atamotor
pizo cocured longitudinally frm o singlo-V rostralned butt-jodnt in ™
thick platoe of nild atdol, % |

- In Toblo 3 1s ohowm the corposition of tho coro wires, wold
matalg, =nd, tho well metal tonoilo propertioss Tho tongilo toct.rceulte
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with the Type 316 matsrinl auro significant becauso they shnw the weld rotal
as puch to bo freo from dofocte and to havo good moechanical propertice.
Thoreforo, any weld metal defocts which ccour in wolding heat rceiating
alloys are an offiret of tho baso netnl ts ho conesldorod in ovalunting the
baeo matnlle woldability. The tonsilo nraportios of the ¥155 weld motsl

whilo nornmal for thio grado mny hmovo boen nffogtcd slightly by tho olag ine
cluslons dotocted in tho tonelle spocinmen fracturc.
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WELDING TEST PROCEDURE

For the sake of brsvity in the following prragraphs describing
tsat procadure, 1t will bs atatod here that oll weld tasts wera porformod
using twe wolding proccsscs, submerged-rolt welding and memual are-wolding.
Tho pam Jigs or fixturcs werc used for clamping or roctraining the Joint
asscrbly whon using .olther pracocs. Froheating vac dono by mennc of a gas
burnor and tho torperaturc measured with a thormeecuplo and Fotentlonmoter,

The mubmergod=rolt wolding cquiprient esnalsted of o Typo "UM
Unicnmelt hond nnd enrringo. 4ll of the eubnorgederolt welding wno done
with nlternating currcnt. The wolding current os mpplied by twe 500
arpore elzo Gonornl Zloetric Corpany traneformore. Townrds the ond ef tho
investization, while thd whocl-and-buckot spocinons vore belng wolded, tho

anchine wna oquippod with an Baterlino-Angue rocording asmeter and wolt-
notor. o k. .

Tho .nanenl are-roliing oquipront conblgtod of a %00 ampere cize

Wostinghouse motor—gonerater volding mnchino, All of tho are-wmilding s
perfarnod neing direct curront-roversod nelarlity.

A, 3Bead-op-Plate Tept

The base motal places for this test mongurod 2 thick x 12" wide
% 4% long. TWrought raterials wero secured in 3" x " flnt bars which wore
aut into 4Y geetions. Cnet alleys were usod in tho NRC-1 dosign spocimons
ag shown in Figuroc 2, In making the tost, a wold boad sbout 3" leng was
deposited longltudinally on ‘one fago. .

It was iatonded that tho only varinble in this tcst cheuld ho the
bnsc metal eerposltion. Therofero, wolding econditions wero coleeted for
tho submorged-rmolt nnd manual-are proccsscs snd hald eenstant. Tho condi-
tiong used were as follows!

Submorged-iolt Frocong
Condition A& Condition B dnrmal-Are Procogs

Curront -  Arporcs 300 600 110
Closed Circult Volts 28 28 25

Travol Speed - "fomin. |10 . 25 g
Hont Imput’= Joules/in. 50,400 %0, 320 . 20,625

.+ Ten eondltlone wore ucod for wolding by the submerged-rolt pro-
cose-to study the Anfluoneo of wurying amounts of bneo metsl dlluting tho
.wold netal. The amount of dilution with Conditlon A was goncrally in the
order of 50'5. Conddtion B gove teh dacpor ponotratlsn into tho bnse motal
and tho amount of dilution averngod about 70,’5. Tm spoeinens wore mnde by
onch condition in anch proeess, ono with the base.netal nt ronn tomornturce
(75°F.) nn@ the sthor proheated to' B00°F. - 2

il
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Examinotion of the welded tant plece conslated of removing soc-
tions as shown in Firzurs 4 and preparing them for macro oteh and metallo-
graphic inspoction. 4 sorisa of mnero steh spocimons fron tiplcal bomd-on-
ploto tosts 1s shown in Figuro 10,

B, BRostr Butt-Joint 'T

Tho reatrnined butt-Jaint tcot spaciron, dosignod to roprosont
tho bucket-to-disk joint found in weldod bucketod whools, ie shown in Flg-
urg '5. * The fonturos of tho epocimon, =which correcpord to salient foatures
of a buckotcd whool and which wore intendod to pmmato tho welding dofecta,
woro (1) tho rolatively lnrgo mags of the bass motal plecos, (2) tho ro-
straint upon those plocos, and (3) tho motch in tho botton of tho jJoint.

LIt will bs noted in Flguro 5 that tho nesorbly for nnking tho
togt spcciuon eonolots of twm plocos of baso notal §' thick x 3" wiae x k¥
long placed in Juxtrposition vith o0dgo preparatien to make an included 70°
aingle-V Jolnt with an abutting root face, For.ronsons concoraning casting
practico, it oppoarcd rnoeccsenry to 1imit tlo elzo of cast base notal ploces
to nbout ¥ thick x 1" wide x " long,. or cm=half the roquired width.
Therafore, two. cast plocoa woro Jolned togother wilth a dowbloe-V butt-jolnt
to moke each sldo of tho toet specimon. The anmo preetico wee uscd in hand-
ling tho weought olloys to nalntaln the sane test conditionas *

. ' The first rsstrained butt-j-iht mocimons eorploted were mode of
only a singlo baso petal alloy. In wolding spocimona, an attorpt was nndo
to raintaln the same weld bend sizeo and shpe in cack. This roquirod fre-
quont chainges in the subrerged-nclt welding ennditinns boenuso of the wide
differcncas in the propertios ond chrrneterdstics of tho alloys. Tho wold-
ing oporatisn vna dnno with tho base retal 1altinlly at roon tormperature
and a maxlrmn interpase tomeraturo of 150°F,  While 1t wng plaunod to eon-
duct furthor tosts using (1) ~ G00°T. prc‘ac-tt torperature, (2} corbimtiane
of n whool nllay =nd n buckot allay, and (3) segronto of -a'buc":et Dlny in
lio-u. nf a alld pleee, thig type swocimon mns disesntinuod boeamso A ox=—

ome Aiffieulty in producirg a'n::v‘l. enst bnego motnl pleecs hoving Bears
nrn-J. graln siro.

Degpite the discnntinﬁ.nnce of ths rostrn.l.ned butt—-Jnint tyme
spocimen, the exardnatlon of those test platse alroady wlded wns carried
to complotion. The spocimone wero scctlonsd as shomn in Flpuro 5. In nd-
dition tn» nacro otch and motallographle cxaninatian for defcets, bond. tocts
and tenello tosts moro propnrod to goeure rough data on tho roehanleat
sropertiss of tho jJaint. In Flguro 11 s chown typlesl mnero oteh groel-
ueng fron rastraircd butt-Joint toata wolded by bath procossves

C. ¥heol-and-Buckot Deplen Tagt -

- Tho whool-and-bucket speeiren roprosontod n mre dircet rgmraasch to
thn objectivo nf roprdducing the dofoets found'in tho wold Joints of bucket—
od whoals. This design was nvoldod at tiw stnst-of tho project beemuso of .
tho tilme roguirod to propnre tho basce notal niccoe.” The tost gocinon do-
sign, nethod of asscmbly, and procofure in filling tic jolnt by mibrorzods
nolt wolding or nomial arcewolding le shown dn FTlgure 6. Either type of
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specimen was clamped ic the heawy reetraining jig shown io Figure 7. This
fixture and all accessories wers male of aon-mpagnetic metale to micimize
magretic phooomena during weldlng. The bolts and nute appear dark in the
photograph because they wers subjected to o newly doveloped surface black-
eolog trentmeat to reduce soleing and gnlnng wheo used at the prehont tem-
peraturce. The mersurcd-torque wreocoh nleo shown lo this figure wos ueed
for tighteoing the horiecotal screrve vhich spplled preedure to the sbuttliog
root faces of the joint and tho interducket fages, nnd the verticnl clamping

bolte. Torquo forcel of 35 foot-fpoundl and 140 foot-pounde respectively
wero applied.

The orranme:it af equlpmoot for-wéldiog by cither the submerged-
melt or manual-arec procees is ehovn io l‘tgure €. The jig containing the
specizec wns eupported by two stud shafts and bearings., Prehoating wae doce
by meens of & large olroular three-leouoc gns burner, " A light shect~metnl
covering was placod over tho top of tho Jlg duriog the heating operctioco to
improve tomperature uniforuity. The tenpemture was measured at all timos
by means of thermocouples imbedded intoth 'facns of the vhesl pimrce approz-
izately 5/8" from tho bevelod edgo. Tho tvo thernocouples were coonooted by
& two-way knife switoh to.a recording poteotlometer... The thermocouple oo
top which was away fron tho direct offeot of the hoating flames was oclways

used. Tigure 9 1s 2 more dltauad photogmph of the equipnent arrancemcot
for subnerﬂed-melt welding.

In depoultlnc. the weld metel. elthor by luh’nergnd-nelt or manual-
are weldins, the jiz and specimen (and ‘subnerged-melt flux) were slowly
Brouzht up to the |pecu'l.dd prebeat "teapornture and held at temperature
approximntely five mjoutes. After Jepoéitiog the first pass of veld motal,
the amsezbly was allowed to Alsdipate the hoat loput. Upoo returnins to
the loitial preheat tempernture, the second prse was deporited. | Thue lc
the wheel-and-bucket veld test, tho loterpnu tesperaturo wee tho samo as
tke preheat tempernture.. Tre only oxoeption wis.fn the ceee of no preheat

(tase motal initinlly nt ool tomperature) llhore "nc mterpnes tmpernture
of 150°F was used. "

WelAlog the wheel-and-bucket desigo teet epecimone by the sub-
aerged-melt process required ocosiderable care because of the ehort lensth
of the tcst Jolet. Tho B¥ loog epscimen permittod only n travel distance
of 2" {o whnich to adjuet the ocntrols of the mmohine to socure theo proper
doposlt ehapo, A narrow weld Aeposit heving vertieal sidce which termizated
ioc a rounded roct was desired ic the wheol-ant-buckot sceoimen sloce thie
shapo wns preferred by fabrieatcrs of wolded wheols. The fabricatnre be-
lieved that a depoelt having a wide top mod tapering sifes ¢ the rcot paint
¥as hyper-seositive to radial ontch extecsios beoause of the relatively thic
sectioc adjncent to the loterbucket junotice at the murface.

le n glven set of eonditisne for submersod-melt welding, the faotsr
which has the greatost influscoeon the deposit shapo ie the Aistanoo be~
twees the rod and work Aurlcg Aepusitices, or from aanother vicrpnict, the
clceod olreult wvoltare, Wheo weldlog the whecl-not-bucket speolmene if a
olose? circult voltage of approximately 29 or groater was used, a "wide®
beol such ae showt ic Flguro 13 would be depceited, If tho cloeed clreult
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voltage vas approximately 25 to 29, a "narrow" bead llke that shown 1n Fig-
ure 14 would bo gocured. 1 .

Folding the whecl-and-bucket dogign speciroa by the manual-are
precces prosonted no particular difficulty. Figurc 15 1llustratos a typienl
welded test plate and tha ehape of the wold Jednt nm revoaled by o macre
ateh ‘specimon, 5

Tho procodurc for the cxnmination of tha rolod whool-and-buckot
gpogimons i.n ﬂluutrated. in Figuro 6 and ocutlinod below, k

, (1) gggré cteh. gpecimeng wore proparcd from dlseard
portionu at cach.ond of tho tost plnte. Those mpoel-
mong wore cxnnined .t'or wold metal ,dofocts, .and wore .
‘nlon -used to doternine the porogntagon of wheel motal,-
braao rctnl ond fillor in ths wold demooit. Tho tost

Vplnto. after romovnl nf tho d.:lacarc‘.. wne 4 10!\8 n.nd

] _'contahod olcht buckotu-

(2) Mor cmvn: af {nto nsh oxtenplo wnn
o by -rrinding tho top and botton wldg flush with
“tho wheel and buckot gurfacos and oxandning the sevon
; ihterbucket Junctdons on cither side with a 25-power
nern ncopa. Thoe wold,surfneo wac finlghed with n ho, -
1 arit nchilogr-\phic paper,*md iy extorelen of tho
Junotien' inth tho wold retél-was mo:mired with n seale
: ér-zd...m.tud‘. In Glths of an inch,  Howover, to nake' thoso -
rdatn . nore’ ciasily corpared, “tho mnmxrcﬂortu wars ck-
presncd in tho‘nsanr‘thn éf an inch.. AL g

(3) &mﬁsmwmm s P of_tho u- e
' long tost plate., .The exposurc wne finde rarmal, to tha

plato curfaois 4 ponatranbior rinda) ¢f '¥155 olloy ro-

presonting 2% of tho tont: ‘spocinan’” t! li(:mﬁﬁ o8

plncud on the rol(‘. Joint. ! )
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TEST RESULTS

A. ZDond-on-Plate ard Pegtrginod Bmt-fg;_ng Topts.

. Sgven hent ié;iting alloys as listed bslow wers tostod for weld-
ability by moans of the boad-on-plato and restrainsd butt-joint weld tosts.

Hastallo;’ "B' 8816
K155 Vitalliun
Timkon 16=25-6 - 6059
Uniloy 19-9 IL
Using n singlo baso motal alloy in odther typo of weld tost, cight
gpocimons as doseribed below wore proparcé with oach nlloy:

bmorged-iolt Wol

(1) Boad-on-plato, ewrront 300 ampereo, room terprraturo
(2) Bond—on-plote, curront 300 ampcores, BOO°F. prohoat
E) Boad-on-plate,* current 600 ampercs,. room tumperaturo

) Bongon-plnto, current 600 omperos; GO0°F. prohoat
(5) Rootrained butt Joint. roon ter:pnrnturo :

11 Arc-Wol

{6} BOnd.-on—plnto. roomn torpardtura
{7) Bond-on-plate, 600°F, proheat -
(8) Rnntrn.irnd hutt.-.joint. roon torperature

"':rpo 316 wald ﬂllcr mtal was usdd in all eanos oxecpt that of
alloy, X ‘Il'j'j whoro ﬂllor notal crf the same corposition wup uood.

'l‘hc rcuulto of tho bond-en-plnto tost for onch nlloy using the
subrergod-riolt procoes arn shown In Tablo 4, Tho rosults of thie toct using
the ranuat-afc procoss oro ghowm in Taklo 5. ' The reoulto of tho rogtralnod
butt-joint tests weldod by both processos nro econtninod ian Toblo 6. It ean
bo eeorn from tho data in theoo tsablos that tho only %ird of dofeet which
appo:-rcd in the woldibllity tosto was intorgramular eracking or fisguring.
Such dofocts ns poroaity or nbrnormlly lirgo non-metallie inelusisig nevor
prosontod n problem.

Tho drricks woro f£nund 1n both the heat-affectod—zoro of tho bago
notal and in the weld rotal, In o féw caros crocke 4in the hant-affcatod-
zono waro found to hnvn propagntod into the weld metal. Yo instancca of
erncks following the fusisn lina ar zone were fo\md. i

In Flgura 12 !.s ghown tho nppoaro.nco af 1ntnrgr-mulnr eracking
the hont-affoctnd-zono of. . manunlly arc-relded Joint in 881 alloy. This 3
condition +mg found mt'the junction of two wold bonds 1h. roatraine? butt-
joint epoeimon ¥o, 14-21. It 1s- guspoitod that tho cradking 1a duc oither
to tho melting of mtnrgmnul-\r earpounds or tn low ductility rosulting fran
tho prosdnce of these compounds nt tho grain boundarios.
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Tka following tmbulatinn summarizes the typeo of cracking found
in the verious speclmens of oach grado.

_mmg :
Bend-on  Bead-on ostrainod

- _Plate  _Plato  Butt-Joint
(3004)

b00A,
Yaro Hone
HAZ, T ¥ane
¥one Hone
wd Nono
Nono Yoro
O HAZ, W FAZ, WM
™ i

Yrpinl-Are
Bond=on BRestrained
‘Plpto ButtJnint

((m)
()
Wl

HAZ, Wi
ma

sz, e

Bnago
Mo tnl

Hngtolloy
1155
Tickon
Unilay
8816
Vitallium
6059

Yeno
(Yot indo)
Hano
wil
Hano
EAZ, W&
(Fot lade)}

¥ono
Fono
Yione
Tone
Yaone
HAZ, Wi
HAZ

¥d - Cracking in Weld lotal
HAZ - Cracking in Heat-Affocted-Zono
{ } = Paronthoses donoto only slight craecking

Tho mochanienl propertios socured .fron tensile nnd bond tosts on
tho roctrainoed butt-Joints are given in' Tnble 7.

Byne brief notes on tho nlcrogtructuro sf the basge matnl and weld
netal are prosontod bolow.

Bneo iotnl
Alloy

Baso Wotal
Yicprogtruotaro -

HEngtolloy *BY

155

Tirmkon 16-25-6
“x'.i.]-.oy 19-9 L
8216

Vitnllium

6059

Augténitic-liko gralns.
Smnll _clue'tcrs nf enrbldor.

Augtonits, inter and intrs
gronmular carbldos.

Augtonite, inter mnd intra
gronaler carblios.

digtonito, inter and intrn
granidar carbidcas ‘

Austenite-1iko grnins,
»emrplete intergrenular
.. eorbldo notwork, intrn-

. (;r.'\.‘_:uln.'t'. carbl?cg,

Augtonito~like ¢rains,
enrplox earbides.

Astonito-like fralna,
complox carbifos.

Wold letnl
iflerostructuro
Austonitd, amall
amopnt of deltn
forz: ito, carbldds.

Anctonito and.
oarbldog.

Aagtenite, srnll
ampunt of dolta
forrite, carbidos.

&aatondto, anme

" dolta forrito,

carbilog.

higtenito nnd
cnrbidos,.

&iptonite snd
onmmlex cnrbldos.

hustonito and
enrplex crrbidos.

Fola ictal
Elcragtructns

Yapnnl-den .
digtendto, smedl
amount of delt:
forrite, carbilon

Augtenito snd
earbidos.

Austcnlté, anll
amunt of dolta
ferrito, carbifoe.

Avetonite, ermo
Agltn fourrite,
carbidog.

Augtenite nnd
carbidos.

Aietenlto and
enmplox carbifos.

dustonite nnd
earmplex carbifos,,
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B, Wheel-and-Bucket Desism Teat

A tseting progran conelstinzof elx sections ueing the wheel-and-
bucket deelgn spocimea wae planned for the Investigation. Tho program is
cormpletoly outlined in Tablo B, In briof, tha maln obtjoctiveo of tho work
wero $ho dotermination of. tho follawing,

(1) Influorco of yroheat torporaturos

(2) Toldability of oizht buckot alloye

{3) Wold-bility of two alloys for cold typo vhoeels

{4) Toldabhility of throo alloy coambinations for hnt tipo whoolg

{5) Woldabllity of two alloye for weld fillor metnla -

{6) Woldability of tw nlloys for both -tho buckoto nnd vhocle
for gne turbinas E i

In thoso tooto, throo matcrinls were usod no nrbitrary oterdards,
Timkon 16-25-6 nllay for tho whool, S$816 alloy for tho buckéts, i Type
316 for the fillor metnl, S -

At the timo thie projoct wno tcrminatoed, nbout ono-third of tho
nppraxinntoly oighty planned whoel-nnd=bucknt deslm test spocimone hind boan -
weldeds Only fivo of thoso spccimons wero manunl nroewcldsds Of the eix
serios of tosts montismd abovo, the cemloted- spoelmona ropresontod (1) tho
influonce of prchoat tompar-taro, {2) tho .mold~bility nf buekot allaye, and
(6).tho wcldability of nlloys for gne turbincs. Examinatlon oF the epocl-
nere hnd nrograsesod to tho oxtont of hnving nncro otch speclinons preparol,
nntch oxtonslon mensured ond radlographlc oxnminatlon made, |

hs n vhole, the tnero etch spocirens ravoaled only o fow defecto.
In the toat platos having wrought alloy huekoto and woldod by Yho eubmorged-
molt procaes, only thoso of 5816 alloy worc found to have defects. Throo
out of elx platos contalnod grall wold motal cracke ne shown bolows

Spocimon Whool Buckot” - Fillde
Ho, Mloy Alloy lotol: Ropinricn

U-39  Uniloy 199 3L 8816 Typo 316 Orio mmall weld metal crnck
Un-B4  Temkon 16-25-6 82816  Typo 316  Two omall wold. metal eraclko
U=h8 = Tirken 16-25-6 §616  Typo 316 Ono amnll weld motal ernck

« In tho tost platco having cnet alloy buékuta woldod by olther pro-
cose, cngea woro found of wold metnl erncking and thoe poeulinr cracking in
tho heat-affoctod=-zono of tho cnst nllsy vhich propagatos inte tho wcld
metol. Tha spocirons vhich contalned defoects woro!

Spcelmon Phool. Buckot Filler
B, - . Mlaoy * L Alloy 4 CVatal - Rerrlg

Ul * Tlrkcen 16-25-6  Vitnllium . “Sna1 ornck from HAZ into Wil
UMG  Tirjron 15-25=6" Vitalliun 315 "*'8rnll crnck in FU
Ul Tirken 16-2%-6 Vitnlliun ' @° Two cprcka In W
U-59 - Tirkon 16-25-6 ViEalliun . Tanll ernck in WU
U-F0  Tirkon 16-25-6 6059 8211 eracle fron HAZ into WU

30 Tirkon 16-25e6 Vitalliun Typo 315 . Smll crack frou HAZ ints TU
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After grinding tho wold beads flush with tho wheol and buchet
surfnce o, 1t was found that the teot svocioon had sueceasfully induced
noteh oxtension into tho rold metal. The appoaranco of the cracks or ox-
tonsions whilch propagatod from the Intcrbuckot Junctisns compared favorably
with those found in turbo—mporchargor whools. This can bo socn by comar~
ing Fleuro 17, which ghows the bottom wold bond of spocimong no. U=36 :ftor
grinding and finighing =ith metallogrophio papor,. with Fignro 1... -,

Tho' tochniquo of moasuring tho length of thoso oxtonslons on n
purface this prSarcd wme’ ndmittodly lacking in nccuragy. Novortholoss,'in
viow b6f tho motallaographlo examiantion which was to bo rpdo, it:mppo-rod ‘
boot to rofrain from oteching the spocimens toirioro clogrly revonl the do—
foctp. lotch oxtonslon data for wheol-rnd-buciet spoeinons wolded by the
gubnorgod-nolt procoss are elwwn in Toblo’9, and by tho nanual-are procosn
in Tnblo 10, Whon moneuwring thoso dofocte in n spoolmon, o rocord -mo nade
of tho length at the top and botton nf ench Junction. ' Eowovor, cince the
longthe wers ronsonrbly consistent, the practico of totaling the lensths of
oxtonslons in o slnglo wold bond wne usod for convonlonee in-Teparting. In
Tablog 9 and 10 theso totale for toh and botton bonds hove boer nlded to-
gethor and thon divideld by fourtoen tn gocuro the nvorngo rotch oxtmsion
pcr Junetion.

In cxarining the rosults of s"‘bmrgoc\—'mlt ral(‘od toste in Toblo
9, thoro mpponreg ot first glanco, to bo very posr acreonont betweon A nur-
ber nf dmliento epoclreng ns to wteh cxtonslon susccptibility. It will
bo notod, horvover, that tho ghrpo nf the wmeld depoolt hng beon listod :I.p.
tho toble, ant that thip pemvides nn omlnn-t:l.an for tho Adgnoreordsts The-
suoplelon of whool’ monufacturors that Ypdde" tonds (s torn nlen J'n].:lﬂﬂ
pharply teperod oldos) nro moro guscentiblo o intorbuckct noteh extensio:
is confirrod by thozo datn. . & fow goclfic oxaploo vhich nry be poiated
rut :h thilg tablo aro doseribod below: 1

(1) Compnro tost epcelmen nna, U=38 nnd U-56 bath of "~ -
which eoraiot »f Tirkon 16-25-8 mllny whool = S5%16 alloy
buckots ~ Typo 316 fillor ootat. Snocinen nne U-38 vms
wolded with n wide doposit nnd pouannod. an AvOTago

natol extonolon per Junetion of «173".  Spocimen U-58

was woldad «with n narrow Acposit and avorased only 029"
noteh extonslon por Junction.

(2) . .Speelrnon . nn. U-45 .was. made af n Tinkon.l6m25-6 .
wtool, Vitalliun buckotas, rnd Tyye 316 fillor rotnl, In
tids cnec tho top wold bend wne wide nnd had sn nverage
of .069" sxtension per Junction, whils tho bottom wald
boad was narrow and had only .022" per Junction.

(3) Turther confirmation is found In spacimon no. U4
which wmna nleo mado of Tirken alloy, Vitnllium, and.

Typo 316 mnteriales In thls spocinon both tho top-nnd ' .
bottom weld doposits warled from tho:wido typo at.tho
start to the narrow type at tho finigh. In Figuro 16

le slovm tho oppoaranoo of tho top nnd bottsm of tho
as,ldod plato and tho naero otch sgpocimons from onch
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end, Tho lsngth of sxtsnslon measured at each inter-
bucket junctlon sppears in ths photographs. Tho mors
sovsro oxtonalons have occourred in tho wide portion of
the dopasits an aolther slde.

Attontlon ghould be epllod to tho fact that all of the slloye
taptsd 41d not show an incroseod stscoptibility to noteis oxtension with
wldo dopooito, Bucket alloye 5816, Vitalllum, and 6059 nll amsanurnd to
pramotc this incronsed cracsing in the widor boadss Alloy 85816 was tho

moot prominont oxatplo. On tho athor hand, Timkon 16-25-6, Hapiclloy "B"
and M55 whon ueed as buckot alloys producod not only n lower mverago of
noteh oxtersion than tho alloys mentloned above, but gnve olmilnr ropultas
with both wlde and narrow doposlte.

The radlngraophs indieated no dofocts in any of tho spoolmons ox-
ccpt tho interbuckat noteh oxtonsions into tho wld motal, Tho eracks in
tho wold metnl and hoat-nffcetod-zono proviouoly notod in tho mners otch
rpocimens wore spparcntly of guch sizo nnd shapo ns to be undotactobla by
X-ray oxaminntion. The radlographs woro of 1littlo value 1in detormining
mro aecuratoly the langth of notch oxtonsion. Tho oxtorneisne in tho top
and bottom wold bond woro, of cnursn, muporimpaoced on cach nthers In sov-
cral test platos, longthy oxtonelons wero socn on tho wold motal surfaco
rhlch wero reovonled to a loosor degroo in the radlagraph.

It woe plennod that somo poctinng of the tost spocimons for zot-
sllographlo oxaminatisn wuld bo romaved bty nicking and fracturdngs through
tho nntch oxtonslons. In thle way tho chernctorlstics of tho crack ours
fagop eould bo atudlod, Sufficlont tlme was zvallable to nlek-frictura
only a small numbor of spocimonss No motallogrrphlc work vra conductod,

An indlention of tho A1fflcudty 1ovolvad in nccurntely detormire
irg tho dagroo »f noteh oxtoneglon 4g shovm in Fizuro 18. Thile flguro
illustratos tho fact that ths mnximan oxtonelen may occur at tho contor of
tho wold Joint rather than tho top or bottom surfnco. A procodure sugrest-
od for futuroc work to ovoresm thia problen conslsts of cuttlng ano-half
of tha toet plato into a throe-layor "sandwich® tn permit meaonromonts at
four ndditional lovols through tho ¥ thielr soctinn.
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Aircraft Turbe-Supercharger Wheel lielded by the Submergaed-
tiglt Precess Having Interbucket Netch Extepsicns into
eld Letal temal

Specimens for Reetrained But t=Jeint Vield Test

Bucket-Baeg Replica fer Y:heel.-and-Buckat Design .eld Test
Beagd-cn-Flate ield Test

Reetra.’ll.r;é.d Butt-Jelnt tield Test

\iheel~and-Bucket Design ltield Test

welding Fixture for Helding liheel-and-Sucket Dealgn Test
Specimen., A Speclmen fer Submerged-ielt velding 1s in Place.
The Measwed-Terque Wirench 1s Ueed for Tightening A1l Belts

Equipment for Sutmerged-lielt and lianual-Arc Welding.
{A) selding Fixture Feised Uver Gas Burner. (B) Reccrding
Petenticmeter for Temperature Measwement, (C) Uetal Cever

fer Fixture During Heating Cycle. (D) Hecerding Inatruments
fer Welding Current

Figure 9 - Pesitleon of Equipment fer lWelding wheel-and-Bucket Design
Specimen by the Submerged-Melt Precess

Figure 10 = Tvpical lacre Etch Specimens frem Bead—-cn-Flate ijeld Teete
Shewing Size and Shape of ‘fcld Depesite

Figure 1l - Typical Lacre Etch Specimens frem Restrained Butt-Jeint 'Weld
Tests Shewing Size and Shape of Gield Depesits

Figure 12 - Intergranular Cracking in Heat-Affocted-Zens ef 5816 Alley
Base iLietal. Hestrained Butt-Jeint Test Speclmen lic. k=21,
Hanual=ire lielded. Lecated at Junction of Twe iield Beads.

Figwo 13 - Typical wheel-and-Bucket Dasign Test Sp=cinens.ielded by the
Submerged-iolt Precesa. Wweld Boads are "Wide" Type Depesits,
As lielded Flate abeve, liacre Eteh Speclmens Bolow

Flgure 14 ~ Typlcal Wheel-and-Bucket Design Test Speeimens ‘iclded by the
Submerged-iiclt Precese. 'lald Beads are "Narrow' Typo Depesite.
As Tislded Plate ibeve, lfacre Etch Specimens Belew




APPENDIX I {(Cent'd).

Fig\re 15 - Typical Wheel-and=-Bucket Design Test Specimens Yoldod by the
- Uanual-Arc Frecess. Aa Wdlded Plate Abeve, Macre Etch
- Spocimens Belew.

Figwe 16 - Wheel-and-Buck>t Design Speclmen He, U=49 Welded by.the
Submorged=ifolt Preceas, MNet @ thnt VWeld Beads Change frem
"iide" Type Depcsit at Start, t¢ "Narrew" Type Depcsit at
Finish, HNctech Extensicns are mere Scvere in "ilde" Pertien
of teld Beads. Further Detajls cn this Test are Presented
in Secticn cn Test Results '

Figure 17 - Wheel-and-Bucket Design Ne, U=36 liclded by Submorged-lielt
Precess Shewing Appearance of Severe Netoh Extensien in |
Bettom ticld Baad i

Flgwo 1B - First Buckst Remtved from iheel-and-Bucket Design Tcst
, Spetimen Ne. U=43 by Hick and Fracture Teohnniqus. ilcte that
Maximuh Netch Extonsicn Has Cécurred Near Center of Secticn
Rather than at the Surface
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Figure 1 Aireraft Turbo-Supercharger Wheel Wolded by the
Submerged-lelt Procogs having Interbucket Noteh Ixtensions
into Weld Uotal.
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APPENDIX I -

Fgure 7 ¥elding Fixture for Holding Theel-gnd-Buckct Deelgn Test
Secimen. A peeimen for Submorgod-Melt Welding is in Place. The
Measured-Torgns Wronch is Used for TMghtening All Bolte.

4.
|

¥ e B Iquiprnent for Submerged-Helt nnd Menual-Are Welding.
(A) Welding Fixture Poiged Over Gag Burner. ({B) Recordirg Potern-
tiomater for Temperature Mopsurement. (C) Motal Covor for Fixture
During Heating Cycle. (D) Recordingz Instrumente for Welding
Current.

RESTRICTED




RESTRICTEL
APFENDIX I -

Flgure 9 Pesition of Equipment for Welding ¥heel-and-
Bucket Degign Specimen by tho Submerged-Melt Process
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KPPENDIX 1 - 6
UCl - UNILOY 19-2 IL

BEAD ON PLATE MACRO ETCE SPRCIMEN
SUBVERGED ARC PROCESS - 300 Amr.

Room Temperature 600*F, Prerc

: '._-.!-4 DL

-_——

<< WEN

Amp,

t)p. P

Ucl - UNILOY 19-3 DL

BEAD ON PLATE MACRO ETCE SPECIMEN
MANUAL MTTALLIC D. C. ARC PROCESS

Figure 10 Typical Yancro Etch Spocimeng from Bead-on-
Plate Weld Togts Showing Size and Shape of Weld Depositse
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HS1 - HASTELLOY "B"

RESTRAINED JOINT MACRO ETCH SPECIMEN
SUBMERGED ARC PROCESS - 300 Amp.

ROOM TEMFERATURE

ALl - VITALLIUM

RESTRAINED JOINT MACRO ETCH SPEICIMEN
MANUAL METALLIC D.G. ARC PROCESS

ROCM TIMPERATURE

Flgure 11 Typical Magro Etch Specimens from Restrained Butt-Joint
Weld Tests Showlng Size and Shape of Weld Deposits.
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Figurs 12 Intergramlar Cracking in Heat-Affoctod-Zone
of S216 Alloy Base Motal, Ragtrained Butt-Joint Teat
Specimon Noo M21, Manual-Are Weldeds Located at
Junction of Two Weld Bonds.

Etchant ~ 108 Chromie Acid {Eloetrolytie)
¥agnification 250 X
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Figure 13 Typilcal Wheel-and-Buckot Design Test Specimons Welded
by ths Subserged-Melt Pracogs. Weld Beads aro "¥Wide" Typo Deposite.
Ae Welded Platc above, Hnors Eteh Sphecimens below.
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Figure 14 Typical Wheel-and-Buciet Deeign Test Specimens Welded
by the Submerged-Yelt Procese. Weld Beads are "¥arrow" Typo
Deposits. Ag Wolded Plale above, ¥acro Etch Specimene below.
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Figure 15 Typical Wheel-and-Bucket Design Test Specimens Walded
by the Manugl-Are Procesa. As Welded Plate above, Macro Bteh
Specimens below.
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Fimure 16 ¥heel-and-Bucket Design
Yecimen No. U4 Woldeq by the Sub-
merged-Melt Proeoas. Yote that Welq
Beade Chango fronm UMide" Type Dopoait
at Start, to "Narrow Typc Depoelt at
Finigh, Notch Extcnsions are more So-
vers in "Wiao" Portion of Weld Bendg,
Further Details on thie Togt are Pree.
scnted In Seotion on Togt Regults,
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Er.

Figuro 17 Yhoel-gnd-Bucket Design Fo. U-36 Welded by Submorged-Molt
Process Showlng Aprearance of Severe Neteh Extencsion
in Bottom Weld Boad.

Figure 18 First Buckot Removed from WMiweel-and-Bucket Degign Test
Spacimen No. U-43 by Nick and Fracture Technlque. Fote that Maximum
‘otch Extension Hag Occurred Near Center of Saction Rather than at

the Surface.
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Sourcas of Base Metal Mloys
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Vonual Arc-Wolded Bend-on-Plato Tosta
Rootralnod Butt-Joint Wold Tosto

lgchanical Tests on BO;atrainod Butt-Joints
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ARSINNeT
Study was mads of the velding eharacteristiecs of heat-rasisting alleys amploysd in

turbosuperchargers, jat enginas, and pas turbine wheals. Walds in fiva wrought alloys
and tvo cast materials mera subjacted to tha bead-on-plate tast, rastrained butt-joint
tast, and a apscial vhaal-and-bucket type of taat. Thras typea of sracking found to ba
prevalent vera veld metal cracking, hast-affacted-zone cracking, and cracks propegating
from leterbuckat junctions. In gansral, Rastalloy "B® and Timkan 16-25-6 alloys appeared
to be tha least ausceptible to wmelding defecta.
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